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SUMMARY 
LESSON II 



Clampers, sometimes called DC restorers, are. used to raise or lower a 
reference voltage. They are used in test equipment, radar systems, elec- 
tronic countermeasures systems, and sonar systems. Depending upon your 
equipment, you could find negative or positive clampers, with or without 
bias. In this lesson, .you wi 1 1 learij the function of the different types, 
and the circuitry that, constitutes each type. Let's look at an ICO dia- 
gram of a clamper. 



Since you cl ipped a sine wave and made a square wave in the last lesson, 
let's use a square wave input, This waveform will vary its amplitude 
from + 5 OV to - 50 V with its reference at zero volts. When you apply this 
input to S’ positive- clamper, the output ampl itude will now range from OV 
to almost +1 00 volts, if you apply the san» input to a negatiye clamper , 
the output ampl itude will range from OV to almost -IpOVi Let's look at 
t he' , schematl-c '' dl ag ram. ■ . 



Positive Clamper 
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Negative Clamper 


Remember when you Inserted a OC potential Into the cl I pper circuit? 

It estabi Ished the output reference level for the circuit, WoU r a 
be potantlal does the same thing In a clamper circuit. Below are some 
examples of biased clampers^ 





FpsI tive damper with Positive Bias 




At this time you may be asking yourself "How do these circuits work?" 

It's all in the time constants. The diode (forward biased) and capacitor 
produce a very short time constant* When the diode is reverse biased the 
resistor and capacitor produce a very long time constant. This action of 
short and long time constants keeps the voltage across the capacitor con- 
stant. Keeping the voltage level almost constant across the capacitor raises 
or lowers the output voltage reference level. 


AT THIS POINT YOU SHOULD PROCEED TO THE JOB PROGRAM. 
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JOB PROGRAM 
FOR 

LESSON II 



1. Device 6F16 and TEMPLATE "F*’ 

2. Oscilloscope 

3. IX Test Probe (2) 

4. Patch Cords (2) 


PROCEDUBE 

1. Energize oscilloscope, and set it up for dual trace operation. 

a. Obtain a line trace on both channels. 

b. Place the DISPLAY MODE Switch in the chop position, 

c. Re-adjust both channel line traces so that they are eacactly on 
top of each other. (See illustration) . 



d. Ensure, that both VARIABLE VOLTS /pIV controls are '’clicked'? 
'into'.' the:ir :'-calibrated', positions.: •,■ ■ ■ 
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e. Place Channels 1 and 2 AC/DC switches to the "DC" position. 

£. Set TIME/DIV to 5 msec/div. 

g. Channel 1 and 2 VOLTS/DIV to 10 V/DIV. 

h. Connect test probes to Channels 1 and 2 on oscilloscope. 

2. a. Place Tenplate F labeled "Introduction to Claa^ers" on the 6F16. 

b. locate the components and place them in their proper positions. 

HOTE: Make sure the (+) end of the capacitor, is to the right. 

c. Energize the 6F16 device. 

3. a. Connect channel 1 test probe to the input of the claitper circuit. 
Observe and draw the input waveform. 
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4. Place the channel 2 test probe on the output of the clanger circuit. 
(HINT; Either at the top of. the diode or the tqp . of Idle resisto^^^ they’re 
in parallel). Observe and draw the output. 
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v is- ■tfais:..a':. bositiveCor:- a negative"' clampelr2' \\_ ' ■ ■ - 
At what voltage level is the si being claB^ed?. 






6. SecTure the power andremove the bottom shorting strip (the lower one of the 
two that grounds the resistor and diode) . Using, one of the patgh cords ^ jumper 
from the top hole where the shorting stfip was to the negative side of the 
battery. Using the other patch cord jun^r from ^e bottom hole to the positive 
side of the battery. Re-energize the circuit and draw the output waveform. 



To. what voltage 'level is the output wavefom claioi^ed? 'V ' 

7-.;; No^i;;. teyerlse' ^^e.' patch;" corda, so ;that:-th;ey;^altiva;;;:'^fd^v;df,::j^d,"bah^ 

cohuecied"'- to ' the, . tcp ,,hola’i ^^d; thd''.hefati^;:ii.%^;Sf 

tdie bottom hole^^ Ts the output clamped the '' Same ., antopht ih^ direction? 
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8. Secure the power# and reverse the diode and capacitor again. Observe and 
draw the waveforms using positive and negative bies. (Remember# to reverse the 
polarity of the bias siii^Jly reverse the patch cords) . 



You have just built and seeil six different types of clampers in action* 


9. Secure the power# and return all e^piipment to it ' s proper stowage . 


CHEOC YOUR RESPCWSES TO THIS JOB PROGRAM WITH THE ANSWER SHEET. IF YOUR 
RESPONDS WITH THE ANSWER SHEET, YOU MAY TAKE THE 1£SS0M PROGRESS 

CHECX. IF YOUR RESPONSES DO NOT AGREE OR IF YOU FEEL YOU HAVE FAILED 
TO UNDERSTAND AI*, OR MOSE OF THIS JOB PROG REVIEW T^ PROeEDURES 

OF THIS JOB FROO^ iM»TBEik WRITTEN MEDIUM OP INSTRUCTION# AUDIO/VISUAL 
lUiTERIMiS LEARNING CENTER INSTRUCTOR UNTIL YOUR 

RESPONSES DO AOREB. 
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PROGRESS CHECK 
LESSON II,. 

Clampers 


1. The function of a clamper circuit i-s to 

, a. amplify the input waveform. 

b. attenuate: the input waveform. 

c. raise or lower the reference level of the input waveform. 

d. make the input waveform osci 1 lata te. 

2. A clamper is sometimes referred to as a , ' ' . ' ■ 

3. A positive clamper with no bias would clamp the input waveform 
(above/below) the original reference level. 

A. The input waveform to a positive clamper could be a 

e. square wave. 

b. sine wave. 

c. triangular wave. 

d. pulsed , input. 

e. All of the above. 
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6. In the RC network, the value of the ___________________________ is 

Very important. 

7 . The only physical difference between a positive and negative clamper is 

a. the way the diode is placed in the circuit. 

b. the amount of amplification in the circuit. 

c. the time constant of the circuit. 

d. the size of the resistor in the circuit. 

e. the size of the capacitor in the circuit. 

8. In a clamper circuit, the time constant should be (lonq/short) with 
respect to the input pulse. 

9. In a biased clamper circuit the value of the wi 1 1 

be the output reference level. 

a. time constant 

b. DC potential 

' c. input reference level 
d. amplification factor of the diode 





Progress Check 
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11. Using the circuits illistrated in the last question. Identify 
each by its correct name. 

Example: positive clamper with negative bias. 

a. . - ' ^ — . ' 








CHECK YOUE RESPONSES to THIS PROGRESS CHECK WITH THE ANSWER SHEET. IF YOU 
AN^R id-L SELF-TEST ITEMS CORRECTLY , CONSULT YOUR LEARNING CENTER INSTRUCTOR 
FOR ASSIG^IENT TO THE MODULE TEST P^t ONE. , IF YOU FEEL YOU HAVE ‘ FAILED TO 
UNDERSTAND AT rL , OR MDSt OF THE LESSON, SELECT AND USE ANOTHER WRITTEN MEDIUM 
OF INSTRUCTION, AUDIO/ VISUAL MATERIALS (IF APPLICABLE) , OR CONSULTATION WITH 
YOUR LEARNING CENTER INSTRUCTOR UNTIL YOU CAN^^-^ A^^^^ ALL SELF-TEST ITEMS ON 
THE PROGRESS CHECK CORRECTLY. 
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SUMMARY 
LESSON III 



In this lesson we will discuss Integrators and differentiators. These 
circuits are used for waveshaping; both have square wave Inputs. Inte- 
grators have triangular waveforms for outputs. 



RC INTEGRATOR 


The output Is taken across the capacitor. The time constant of the RC 
network Is long with respect to the time of the Input pulse width. The 
time constant will usually be 10 times or more longer than the input 
pulse width. 



, .:rv; '..RITMNTEGRATOt 

In shorty RC integratprs have the following characteristics; 

Input - triangular output. 

2^ The -utput is taken across the capacitor. 

, 3; flf t Imerpohstprtt Is wl th respect to the Input width i 
usually tlSies or more longer. 
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This lesson also concerns Itself with differentiators. Differentiators 
are the opposite of integrators. Differentiators also have a square 
wave input but produce spiked or peaked waveform outputs. 



RC DIFFERENTIATOR 

The output is taken across the resistor. The time constant is short with 
respect to the input pulse width. The time constant will usually be 10 
times or more less than the input pulse width. 



RC DIFFERENTIATOR 

The characteristics of an RC differentiators are; 

1. Square wave Input; spiked or peaked waveform out. 

2. The output is taken across the resistor. 

3. The RC time Constant is short (usual ly~ or less) wi th respect 

to the input pulse width. ” 
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There are also L/R differentiators and integrators, because at low frequencies 
capacitors must be very large and this is not practical. 



L/R INTEGRATOR L/R DIFFERENTIATOR 


The characteristics of the L/R integrator and: differentiator are the same 
as the RC circuits, except inductors are used Ihstead of capacitors and the 
outputs are taken from different points. The L/R integrator's output is 
taken across the resistor and the differentiator's output is taken across 
the coil.' ■ 


Another difference is the method in which time constat is figured. 

The iriductance is divided by the resistahce, instead of multiplied 

like, the;' RC.' 

The following jingle may help you remember the type of outputs Integrat of s 
and: differenCiators''ptoduce.''',- 

I;:-saw ,D', spikes. ■ , 

I integretor: ..•''''.sawtooth'' waveform-,',.' 

;D' dlf f erehtiato'r''''*"-: sp'iRe 'iCpeaked;.; uayef ormi;;:; . 


POINT YOU SHOULD PROCEED 1?0 THE JOE PRf^ 
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JOB PROGRAM 
FOR 

LESSON III 
Integrators 

equipment and matertat..<! 

1 . Device 6F16 and TEMPLATE #1 

2. Oscilloscope 

3. IX Test Probe (3) 


PROCEDURES 

1. Energize the oscilloscope; and set It up for operation on Channel 1. 

Set Channel 1 controls and switches as follows: 

a. TIME/DIV - 2 MILLISECS/DIV 

b. VOLTS/DIV - 10 VOLTS/DIV 

c. Obtain a line trace and center It exactly on the horizontal axis, 

2. a. Place Template #1 on the 6F16, and plug In the Indicated components. 

b. Attach a IX probe to the oscilloscope calibrator output Jack, and set 
calibrator output switch to 20 volts. This will be your input to the 
integrai:or. Attach the other end of the test probe to the. input of 

your circuit. Attach the probe ground lead to circuit ground. 

c. Another way of obtaining the reauired Input is to use a square wave 
generator set at 20 volts at 1 KHz. 

3. Connect another IX probe to ciannel l of the oscilloscojpe. Connect the 

test probe to the input of the circuit. Observe and draw the Input waveform. 
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4. a. Place the oscilloscope DISPLAY MODE switch- in the Channel 2" position, 
and obtain a line trace. Set channel 2 switches and controls as follows; 

1. VOLTS/DIV - 5 -VOLTS/DIV 

2. TlME/DlV - 2 MILLISECS/DIV 

b. . Center the line trace exactly on the horizontal axis. 

c. Connect a IX test probe to Channel 2. Now, observe aixd draw the 
output waveform. 
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What., is the peak'-to^peak-.vol.tage? ' -■ ...:^ , v-" - 

5. Is this an integrator dr a differentiator? 

6. Place the DISPLAY mode switch in the chop positiCh. Observe and draw 
the waveforms as displayed on. the oscilloscope. (You are observing the 
input waveform On Channel 1^ and ^e output wavef orm on Channel 21. 
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- Notice: -how . much vlhe/ontput;'-ts'’attenttat '^is'' b4oadse capacitor ■ is- 

■not: being'allpwed': to.,^<^r^er:.fully.'dvirrr^.'each-:haM^''C:^l4>{:;^^ 

C»EC^ YOUR TO Til rs ioe W Tw| AN|weR |HEtT . IT YGliR 

RESPONSES AGREE WITH. THE ANSWER SHEET, TOU HAy PR^^ NEXT J06: 

PROGRAH,. iF VGUR RlGPONSfS Oa NOT: AGREE ORj I.F Vjjll Fff L YOllr hAvE PA'I LED 
TO UN0ER|TAN6 PROGRAM^ ^REvTfesfvTHE'TRMtD 

OF THlS /ADl-PRGGRAi^^^ AI^THtR WRITTEN' MED IUM OF IHlTtMJiETW-- AIPJP/ 

MATERI ALSr OR COHSlilTAtSON WTTH,. YCUR ‘ LEARlirTNff CENTER’ I NGtROEtOR- iRlTi L ’ 

. y.OUR' RESPOMSE$,.-00;.'AG'REE'^:.; . ■'■■• .V. ^ . 
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JOB PROGRAM Twenty Four-lII-2 

FOR 

LESSON III 
PART 2 

DIFFERENTIATORS 


EQUIPMENT AND MATERIALS 

1. Training Device 6F16 and TEMPLATE #2 

2. Oscilloscope 

3. IX test probe (3) 

PROCEDDRBS 

1. Energize the oscilloscope, eind obtain a line trace on Channel 1. Set 
Channel 1 switches and controls as follows ; 

a. TIME/DIV - 2 MILLISEC/DIV 

b. VOLTS/DIV - 10 yOLTS/DIV 

c. Center the line trace on the horizontal aixis. 

2. Now, you cure going to assemble the opposite of an integrator - a 

differentiator. If eUi integrator has a long time constant, then a 
differentiator must have a ■ ■ • '' ' - ' ' ■ . . That's 

right, a short time constant. 

3. , Place Template #2 on the 6Fl6, and add the required components .- 

4. Connect a IX Probe to the oscilloscbpe calibrator output jack, aind 
set calibrator output to 20 VOLTS. As in part one of this job program, 

.an alternate method of obtaining the feq;uired input waveform would be to 
use a square wave generator set at 20 volts pSak-to-peak at 1 KHz. 

5 . Connect the other end of the probe to the input of the circuit as you 
did 'in'part. one-' of this job'; program:.! 

:6. Connect another Ix test probe to Channel 1 of the oscilloscope. Connect the 
pifier end of the test probe to the input of the circuit. ■ Now, observe and draw 
:''^e'ii^ut;; waveform.'-:. 







A 












111 1 

_ 1 I i t 

.Ll 1 i 

ft ri 

1 1 1 f 

"11 1 

1 f t f 

I 111 r 

II 1 1 . 

Tlrf 

1 1"" 







■■ ■ 







is.;the' 'peak'-tb-pe-a^ voltade? 




J.p. 


Twenty Four- 1 11 "2 


2. Connect the channel "2*' IX test probe to the output of the dif- 
ferentiator, Observe and draw the output waveform. (You didn't for- 
get to turn the display mode switch to channel "2", did you?) 
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NOTE: Don't be alarmed If you can't see the entire waveform. When the 
signal first starts to go positive or negative (leading edge). It 
happens so quickly (almost Instantaneously) that the oscl lloscope 
can't fol low It. 

3. What Is the output peak-to-peak voltage? ■ 

4. Now, locate a 33 k fl resistor and put In place of the 4.7 K 0 
resistor. What will happen to the output? It Is now (more/less) dif- 
ferentiated? Old the output amplitude increase or decrease sharply? 

By how much? 

5. Now replace the 33 K Q resistor with a 10 K 0 resistor. Which re- 
sistor (33 K a, 10 K 0, or 4.7 K n) produced the "best" dl fferentlon? 

6. YOU have now bu 1 1 t RC integrators and differentiators and looked at 
the Inputs and outputs ^ each. This leaves only the LR type circuits 
(integrators and differentiators.) You will not be able to construct, 
these as fl!’* $F16 doesn't have these capabilities. Remember how thpy were 
covered in the wrl tten media? LR circuits produce the same outputs as 

RC ciroults. The only difference is where you take the outputs. 

This concludes, the Job Program on Integrators and Differentiators. Se- 
cure the test equipment and put all the components back In their proper 
.p:laces.v 
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CHECK YOUR RESPONSES TO THIS JOB PROGRAM WITH THE ANSWER 
RESPONSES AGREE WITH THE ANSWER SHEET, YOU MAY TAKE THE LESSON PROGRESS 
CHECK IF YOUR RESPONSES DO NOT AGREE OR IF YOU FEEL YOU HAVE FAILED 
TO uSdERSTANO ALL. OnOST OF THIS JOB PROGRAM. REVIEW THE PROCEDURES 
OF THIS JOB PROGRAM, ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL 
MATERIALS OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOUR 


RESPONSES DO AGREE. 



Progress Check 


Twenty Four-Ill 


PROGRESS CHECK 
LESSON I I I 

Integrators and Differentiators 


1. An RC integrator's output is taken across the ■ > 

2. An L/R integrator's output is taken across the ^ • 

3 . An RC differentiator's output' is taken across the • 

k. An L/R differentiator's output is taken across the ^ • 

5 . An integrator has a (long/short) time constant with respect to the 
input pulse. 

6. A differentiator has a (long/short) time constant with respect to 
the input pulse. 

7 . Which of the illustrated output waveforms indicates the shortest 

time constant? * 



8. Which of the illustrated output waveforms indicates the longest 
time constant? _ 
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CHECK YOUR ANSWERS TO THIS PROGRESS CHECK WITH THE ANSWERS IN THE BACK OF 

™AT you HAVE failed TO UNDERSTAND ANY 
^ LESSON YOU SHOULD CONSULT YOUR LEARNING CENTER INSTRUCTOR FOR 
ASSI^ANCE AND REMEDIATION* IF YOU ANSWERED ALL QUESTIONS IN THE PROGRESS 
CHECK CORRECTLY, CONSULT YOUR LCI FOR ASSIGNMENT TO THE MODULE TEST. 
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A. S. (Progress Check) 


ANSWER SHEET 
FOR 

PROGRESS CHECK 
LESSON I I' 

Clampers 


QUESTION NO. 


CORRECT ANSWER 


1. 
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c. 

DC restorer 
above 
.. « • 

■ c. 

time constant 

a. 

long 
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ANSWER SHEET 

FOR 

PROGRESS CHECK 

LESSON II (Cont'd) 


QUESTION NO. 

CORRECT ANSWER 


11. a. 

negative clamper 


b. 

positive clamper 


c. 

positive clamper wi th negative 
bias 


d. 

positive clamper with positive 
bias 


e. 

negative clamper with positive 
bias 


f. 

negative clamper wi th negative 

, 'bias ' ' ' ■ ' 
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QUESTIONS NO . 
1 . 


. a. 

b. 

c. 

d. 


ANSWER SHEET 
FOR 

PROGRESS CHECK 
LESSON III 

integrators/Di fferent iators 


CORRECT ANSWER 

Capacitor 

resistor 

resistor 

coil 

long 

short 

b. 

c. 

ik) RC integrator 

(1) L/R differentiator 
(3) L/R integrator 

(2) RC differentiator 



